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NUCLEAR REACTIONS ANONG THE HYDROCEN ISOTOPES AT LOU ENERGIES

Ronald E. Brown, Nelson Jarmie, and R. A. Hardekopf
LnE Alamos National Laboratory

Loa Alamoa, New Mexico 87545

WsEuY

The low-enerRy fusion cross-section ( LEFCS )
al}paratus installed at the LoE Alamos Van de Graaff
f:cility has been u~ed to measure the cross aectlona
for the important fusion-energy reaction f)(t,a)n over

the trlton bombarding energy range of 1?.5 to 117 keV.
Th~a corresponds to an ●quivalent deureron homhardlng
energy range of tl.3 to 7B.I keV and to a D+T plaama
temperature (kT) range of 0.7 to lE.8 keV. Over most
of the encr,qy :anRe the cross aectiona are accurrtv co

1.4X, with the ● rror riging to 4.E% at the lowest
energy. A data bnsc wae constructed for deut,,ron
bombordlng enrrgies up to ,Ibout 250 keV that lncl~lded
otlr data ;Ind four other data acts. 1-4 This data ba~=

can be tltced quite well with M single-level (3/2+)

rusonnncc formul.1 in the R-mntrlx formnliam. Work la

:urrcntly In progress on the D(d,p)T and D(d,sH@)n

rri]kl lonti, with s[lldlrs of D(L,Y) ~nd T(c,CS)nn planned

for tllu future.

Tntrodtwtlnn—-—— -------

At lIMI I.oq Alnmos VJI1 do Cr~lu[f FacIl[ty,5 we have
dt. VL, lUp Lid dlld i[l!i!:ll lL. d nn ~~l>liriltll!i ‘~-H ([,EFrS) for

thv Htudy nf nurlcor rrnrt lOIIn9 Lhac Jrc fundnmrllt II
t 1) !,II(. imp18,mon L;l L lon nf cnrr~:v prodtlrr [on throuRl]
colll rl)l loIl th,, rmonuc Icor prnroq Nu9 . Thu bomhnrdlnp,
L,llt?r!tll.s [or Illo!+o sLIIdl(. s mru [n ltII. rilngu 10 to l~fl
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and warmed back up to ambient temperature by power
Iurniahed by a heating transistor, Thus in the no-
beam eteady state, the heat furniehed to the cup by

the heating tranaiator ie balanced >y the constant
heat wlchdrawn from the cup by the cooling circuit,
and the cup ia then at the aarne temperature as ~r-
tiurroundings, thereby reducing heat leaks, Th c

heating-trunaiator power ie measured ●ccura~ely and
ragulaced by an ●lectronic CirCuit. When the beam ia.

A#’F%T’NFO’L -on, the power to the heac~ng tranaiator ie automat-
ically decreaaed juet ●nough to again bring the cup to
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smblcnt temperature. Thus, the decrease in power cr

the heating tranaiator ia a meaeure of the beam pow, r.

The calorimeter ●lectronic inteSratea thle bean power
over the run duration to yield the total ●nergy
furnisktd by the hem, independent of th~ beam’s
charge ~catz. Knowledge of the beam energy per par-
ticle an it enterd the calorimeter then allows us to
calculate the beam flux. The calorimeter was cnl-
lbrated by using the known heat output of n preclalon
reaiator embedded ir tbe cup. Thta callhratlon wua
checked by ueing a 3-NeV-proton beam from “he !’an dc
Graaff and comparin~ the calorimetrically determined
beam flux with that determine aimultarreously by

charge collucclon. The callbrat[nn is accur~tc tu

OmOBZ over J puwer rnnge of 10 to fi(10 MU.

Lnricr Time-of-FllHllt Syatum.— ._.—_ ——

Iqll. !)(I ,11)11 I:xl)i,rlmi,ilt
. .

l’1$)1.,.111111,

,1(1 ml II ,8,, ,.,,1 l,, ,, W,lw ,.,lrl II*II ,,$11 , ,1,, ,!,.,,,11 Ily. ,111 I !Ifl.

t ,111,)! 1,,,, L’, tin,. Al ll)r 111111 III I 1111 11111, I III. 1~1, Im I’! I

Illlwt.1 Irvf,l Ill h,. I .11!11 11’lt,ll,l’ W.IN .1%:1111 ,~pl,,ll’llljf.,1 .

IV IHIV ;’A Iiillir.1 11111 f. 1’ II IIIIIIIIIlp -111 1414,4.,1 W[)lll(l l),.

W.11119.,1 , I 111, FII, I, 1117111.11!,.1 II , Il!lmprll Ilw.lv , Jlllll I Ill. I 1’1111 .!

11,. II FW,II !,.1 I 1 1,.,1. 11,11 ,1 U,* I ,. ,,111 .1 I 111.tl .11 11, 11111111

Ilamltldltdll l); rll,.l~it,n 11,91:1 1;.’! 111 1) } L1. v, 1111,1 !11 Ia.sl,,l

1 Ut) ,Inldl I 111),1 WI* I 1, Illqlwlm , I1O*I Ilw.lv, h ,,11,1 I):llaluulv, ,8 I

,,,1,11 ,! 1,., I ~\, . AI I IIF l,, w,, uI 011,,1, .,v , I ,,11 !,1,1., w,, ,,, ,,1.,,18.

I 1,.:111I IIIA I II 491 ,\ I, I.~ll.1111,11IS,I 1,,.. im I III< III III) lt.lt I II’ II.

ml’ . “:I, II II II, II III!I I Ilr 8 11,1, ,14, Ill kmn( .1 (,11 [11),. W8. vmIIl,IY(.,1

Itr.lm t tll I 1,111 ,, I Illm I .1, I ,, 1, 11A .I, I, I l,, s.l,ll ;u#lW,. b .. I 1,111

?11 III l.’!) mlJ. lll!- ,I;lt r Ut. l’,” ,,.1’,,1O1,1,1 611111 11.11!1111 1111

Il,ll,l,,,el,. rm WC-I 1. Ifl,lllll,, ,,.,1 Ull 1, I 1,1. ,11,1 1!1 I Ill, Mlll)(’!lll!’

lV/.” B ,11. I III,. a.,,ml,kltol Uyhl VIII *,!, I ,IJ III It!.’ lIll !111 1!111

Ill \l.trlll\!ltil , I 111. I nl~m,t I rml,~l II 1111, 4111811)) I Itbw 1,,1,,

\ll.1 ,. IW4111 Illltl 1 ,1,111,1,,,1 ,.!’1.1 \, 1? 111.1 Ily 1119. 1111.lptllrl.



TABLE 1, SIGNIFICANTERRORCONTRIBUTIONS.T(D. N)qtlE
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good agreement with the data of Connerl (Fig. 5) and
Arnold? (Fig. 7), ~:!hough fiome systematic dlfferencea
can be noted. The measurements of Bretcher12 and

JarvlslJ (Fig. 7) are in marked disagreement with

the ,,re8cnt experiment , and although the data of

Kacaaurov] and Argol] (Fig. 6) do not hnve a large
ov?rlap with our energy range, they do see’ on the

average to lie somewhat higher than our values. The

dnta of Kolrze~ (Fig. 5) do not overlap in energy with
ours, huc do lie below the smooth trend that would be

indicated by our measuremcncst It is aecn chit the
main value of our datsi lies in their signiiiclntly
srmller (usuallY by at leaat n factor of 3) errors
than those of prcvinus work.

,yJcfl:6 p;;;::’” ‘:acrlx analy’ia ‘f th:hn:e’:;:cross-aectlou predictions

abnut 7% belod rrtlr m~irsurcmcnte. A rcannlysla 10
unrfcrwny17 In which the present results arc lncluderl
In CIIC dntn ba~c. lie are n13rI nttcmptinu L- tinder-

stand the anomillows 3/~ HtrcligLh tlwst we obtained

from our sinRle-lL.vcl fir.
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